This review summarises current information on rolling circle replicating plasmids originally isolated from Gram-positive bacteria with a low guanine and cytosine content in their DNA. It focuses on the peculiar biological features of these small, high copy number plasmids that replicate via an asymmetric RC mechanism. The regulation of plasmid copy number is also discussed.
Introduction
Bacterial plasmids are double-stranded (ds) circular or linear DNA molecules, capable of autonomous and controlled replication within their hosts. A key feature of plasmid replicons is that their copy number is maintained constant within a given host and under fixed conditions. This implies the existence of mechanisms involved in the regulation of the number of plasmid replication events per cell cycle. In the case of low copy number plasmids, in addition to the copy number control circuits, there are plasmid-encoded mechanisms to ensure the accurate distribution of plasmid molecules to daughter cells at cell division. However, in the case of high copy number plasmids, random distribution of plasmid copies among daughter cells is enough to ensure their stable inheritance.
Plasmids replicate by four general mechanisms: (a) in the theta type, leading and lagging strand synthesis is primed in close vicinity and both parental strands remain covalently closed. The elongation step can be uni-or bidirectional, and the relaxed concatemeric dimer is finally resolved into monomeric rings; (b) in the strand-displacement mechanism, leading strand replication initiates from either of two separate origins situated on opposite strands. Initiation from one of these origins results in a ds-circular product and a single-stranded (ss) displaced circle. The latter is converted to a ds-form by continuous DNA synthesis initiated at the origin that has not been used; (c) in the protein priming type, the replication protein, which is bound to each 5'-end of the linear DNA molecule, provides a primer that is extended by DNA polymerase through continuous synthesis to yield full-length strands; and (d) in the rolling circle (RC) type, the Rep protein introduces a nick at a specific site from which replication starts. The elongation is unidirectional and, finally, termination of the leading strand synthesis involves a Repcatalysed strand exchange to form a dsDNA product and a ssDNA molecule. The ss-circle serves as a template for the lagging strand synthesis. The latter mechanism, and in particular in plasmids of the Gram-positive bacteria with a low G + C content in their DNA, will be the suject of this review. More general reviews can be found elsewhere ([1,2] and references therein).
processive DNA polymerase, SSB, and a DNA helicase. Lagging strand synthesis could be accomplished by the host replication machinery or by a recombination-dependent replication ([3] and references therein).
Replication through the RC-mechanism implies synthesis of the leading strand by elongation of the 3'-OH end generated through the specific nick of one of the parental DNA strands mediated by a plasmidencoded protein (Rep protein). The parental nicked strand is displaced and released as a ss-circular DNA intermediate by the activity of the Rep protein at the end of the leading strand synthesis. The RC-replication mode also implies that the leading and the lagging strand DNA syntheses are uncoupled. The plasmids have two different origins: one to initiate the synthesis of the leading strand, the double-strand origin (dso), and another from which lagging strand synthesis initiates, the single-strand origin (sso). A general feature of plasmids replicating through the RC-mechanism is their promiscuity. Leading strand synthesis requires the plasmid encoded Rep protein and relies on highly conserved host-functions, like a Small, high copy number RC-replicating plasmids of Gram-positive bacteria have been classified into four distinct families based on genetic organization and homologies at the dso, the degree of Rep conservation, and similarities at the replication control region [4, 5] . Plasmids pT181, pMV158, pUBI and pIM13 are representatives of each family (see Table  1 ). The mechanism of RC-replication has been reviewed for plasmids pT181 and pC221 [4] , pUBll0 and pC194 [6] , and pMV158 [7] . The genomic organization of RC plasmids is highly conserved [4] and pUBll0 is shown as a prototype (see Fig. 1 ). In plasmid pUBll0, as well as in the pT181 and pMV158 families, all major open reading frames are transcribed co-directionally with replication. In some cases, however, the antibiotic resistance marker is transcribed divergently from the rep gene. However, in the pIM13 family, the direction of replication is opposite to that of rep gene transcription.
Replication of the leading strand
RC-replicating plasmids use a strategy for replication that is similar to that of the Escherichia cofi The estimated molecular mass of the initiation-termination protein and the size of the representative of each of the family is denoted. b Plasmid incompatibility was determined in B. subtilis as a host. ' Species from which the plasmid was first isolated. d pC22l (inc4), pUB112 (in&), pS194 (inc5), pC223 (inclo), pT127 (inc3), pCW7 (incl4) and pHD2 belong to the pT181 family.
' pE194 (incll),,pLB4, pFX2, pWVO1, pADB201, pKMK1, pA1, and pSH71 belong to the pMVl5g family.
f Not all members of the pMV158 family present a VBHR. g pRBH1 (incl3), pH2515 (incl3), pC194 (iwE), pSK89, pAAB1, pBS2, pAMal, pBC16, pmlOO0, PLPI, pLp3537, pLS11, ~353-2, pC3Oi1, pFlB14, pUH1 and pBC1 belong to the pUBll0 family. h ~~12 (jnc12), pE5, pT48, pOX1000, pTCS1, pNE131 and pSN2 belong to the pIM13 family. Abbreviations: BHR, plasmids that replicate in a broad range of Gram-positive hosts with low G + C content in their DNA; VBHR, the oery broad-host range is defined by those plasmids that replicate also in certain Gram-negative bacteria. [(neo, to neomycin-kanamycin) and (fir, phleomycin)] and the molilization protein (mob) are indicated by external arrows.
ssDNA bacteriophages [4-61. Plasmid RC-replication is initiated on a supercoiled DNA molecule upon recognition of the dso region by the Rep protein. Unlike the ssDNA coliphages, whose biological role is to obtain as many copies of the phage genome as possible, the plasmid copy control is autogenously regulated at the initiation step. Therefore, the plasmids have devised different strategies to regulate the concentration of the initiator protein.
The dso
The dso region can be physically and functionally separated into three discrete DNA loci: the region to which the Rep protein binds (bind site), the nicking site (kc) from which replication will start, and the termination enhancer.
The bind region contains the specific recognition site for the binding of the Rep protein, and can be contiguous to the nit locus or separated by a spacer of several dozens of bases [7] . In the case of plasmids of the pT181 family, the bind region consists of an inverted repeated sequence, termed IR-III [S] , that is contiguous to the nit region. The distance and helix-phasing between IR-III and the nick site are essential for Rep activity [S] . The bind locus of plasmids from the pMV158 family is composed of a set of two or three directly repeated sequences, termed iterons [9] . The size and sequence of the iterons, as well as their distance to the nick site, differ among different members of the family [7] . Purified RepB protein of pMV158 binds to the iterons [9], although when cloned into a compatible plasmid, the iterons do not show incompatibility towards pMV158. In the case of plasmids of the pUBll0 family, it has been predicted that an inverted repeated segment contiguous to the nit region could play a relevant role in pC194 initiation of DNA replication [lo] . However, such structure is not required for DNA replication of plasmid pUBll0 [ll] .
The nit region contains the site at which the Rep protein introduces the nick. The sequence of the nit site is highly conserved among plasmids belonging to the same family (reviewed in [4, 6] ). This region shows a strong potential to generate secondary structures in the case of plasmids of the pT181 and pMV158 families, although a computer prediction fails to fold such a structures on plasmids of the pUBll0 family. Supercoiling is essential for plasmid replication, both in vivo and in vitro (reviewed in [4] ). Most likely, supercoiling helps to unwind both DNA strands at the nit region, which explains the failure of the initiator Rep protein to nick linear dsDNA. Biochemical analyses on the nit region of pC221 [12] and of pMV158 [13] have shown that a DNA sequence harbouring the nit (but not the bind) region is enough for the Rep protein to specifically nick and close DNA in vitro.
The Rep proteins
The Rep proteins from plasmids of the different families share the ability of nicking and closing DNA through a nucleophyllic attack on the plasmid nit region. The polynucleotidyl transferase activity of the Rep protein generates a 3'-OH end to initiate replication. The Rep protein of plasmids of the pT181 family (RepC in pT181 and RepD in pC221) is a homodimer in solution [12, 14] . In the case of RepC and RepD, a Tyr residue is involved in the attack of the phosphodiester bond of the dinucleotide 5'-pdApdT-3' within the nit region 1141, see Table 2 . The Rep protein of these plasmids remains covalently bound to the 5'-end of its target DNA after the cleavage reaction (Table 2 ). The Rep protein of plasmid pMV158 (RepB) is a hexamer in solution; RepB cleaves the dinucleotide S-pdGpdA-3', but does not remain covalently joined to DNA [13] . In the case of plasmid pUB110, RepU protein is a monomer in solution, but two Rep protomers are required to saturate the dso [15] . The Rep protein cleaves the dinucleotide 5'-pdGpdA-3' of the nit region and remains covalently attached to the DNA [16, 17] .
There is a general lack of structural analyses of the Rep proteins, and most of the available information derives from computer-based alignments. These analyses have shown the existence of at least three conserved regions, of which two were assigned as corresponding to the catalytic domain and to a metal-binding domain. There is no experimental evidence, however, on the significance of these motifs. There are no clear DNA-binding motifs in the Rep proteins, although a putative Leu-zipper motif was proposed for the RepB protein of pMV158 [9] and a helix-turn-helix motif for the RepU protein of pUBll0 ([18] and references therein).
Mutational analyses performed with the Rep proteins of pT181 and pC221 have shown the existence of a 6-amino acid stretch at the C-terminal end of the protein that is involved in the recognition specificity of the bind region in the dso [19, 20] . However, since this domain is located some 80 residues from the Tyr The site-specific 3'-OH end generated at the nit site by the activity of Rep proteins on supercoiled plasmid DNA is the primer to initate replication (see Fig. 2 ). Once the DNA is relaxed by Rep, it is believed that at least three host-encoded proteins are required: i) DNA polymerase III to elongate the 3'-OH end; ii) a helicase to unwind the DNA; and iii) the ssDNA binding (SSB) protein which would help to avoid nucleolytic attacks on the ssDNA generated during replication.
Thus, RC-replication does not seem to be a specific highly-demanding process since the three functions required are common proteins present in all hosts [21] .
A model for the initiation of RC-replication includes the following stages: i) binding of Rep protein to the plasmid bind region; ii) Rep exerting a nucleophyllic attack towards the phosphodiesther bond of a specific dinucleotide (through the Rep-active Tyr residue), a reaction that could still be reversible (abortive initiation); iii) a host-encoded DNA helicase entering the Rep-DNA complex to start opening the DNA strands; iv) the parental displaced DNA becoming immediately protected by the binding of SSB molecules; and v) DNA Polymerase III using the 3'-OH end as a primer to initate DNA synthesis, taking the complementary strand as template. Therefore, the parental and the newly synthesized strands remain covalently bound as a single DNA molecule Leading-strand synthesis starts upon recognition of the plasmid dso sequence by the initiator protein (Rep, see Table 2 ) on a supercoiled plasmid DNA. The Rep protein introduces a nick, leaving a 3-OH end that is extended by DNA polymerase III (Pal III). A helicase would open the strands, and the SSB protein would protect the ssDNA generated. After RC termination, a ssDNA circular intermediate and a relaxed dsDNA circular molecule are generated. The conversion of the ssDNA circular molecule into a dsDNA molecule occurs when RNA polymerase binds at the plasmid sso sequence. The RNA polymerase synthesizes a short RNA primer, which is elongated by Pol III. Lagging-strand synthesis is finished after the removal of the RNA primer by DNA polymerase I and sealing of the nick by DNA ligase. DNA gyrase will be involved in the supercoiling of dsDNA plasmid forms. (Fig. 2) . Through strand displacement and DNA synthesis, replication will proceed until one round is completed.
Termination of leading strand synthesis
As stated above, once the replisome reaches the reconstituted dro, the newly synthesized strand is cleaved from the parental strand and covalently joined by the Rep protein, generating a dsDNA molecule which contains a newly synthesized and a parental template strand (Fig. 2) . This molecule will be supercoiled by host proteins. At the same time, and as a product of the termination reaction, the displaced parental strand is released as a circular ssDNA intermediate. Generation of ssDNA plasmid molecules is considered to be the hallmark of RC-plasmid replication [22] , which is termed asymmetric because of the uncoupled synthesis of the leading and lagging strands (reviewed in [6] ). Since Rep proteins perform reactions of cleavage (initiation) and of nicking and closing (termination) of DNA strands, a Rep-dso specific recognition must exist not only at initiation but at termination as well. However, recognition at the initiation stage seems to be more stringent than at termination. This is based on the following: i) abortive termination at sequences homologous to the nit regions has been observed (see [6] ); and ii) only a part of the dso of pC194 is required for termination [lo] . For pUBll0 (closely related to pC1941, efficient termination of replication requires a DNA region located 3' to the nit region, which would indicate that pUBll0 has two overlapping sequences, one required for initiation and the other for termination [ll] . In addition, one single amino acid change in the vicinity of the RepU active site is enough to reduce the efficiency of termination [16] .
In the case of plasmids of the pT181 and pUBll0 families, termination of RC-replication involves the inactivation of the Rep protein after usage, leading to the appearance of a derivative named Rep* [14, 15, 23] . The active Tyr residue of one of the subunits in the Rep homodimer is involved in the nucleophlyllic attack on the S-pdApdT-3' dinucleotide (within the nit region) to initiate replication. This Rep subunit will remain covalently attached through a tyrosyl-phosphodiester covalent bond to the S-end of the displaced strand during leading strand replication [23] . When the replisome reaches the reconstituted nit site, synthesis of the leading strand continues through some more nucleotides to regenerate the dso sequence. Thus, the Rep subunit not bound to DNA (unused at initiation) has a free active Tyr residue which could cleave the newly synthesized nick site. Through a series of nucleophyllic attacks, mediated by the 3'-OH group of the nit site and the Tyr residues in the Rep protein, three products are generated: i> a ssDNA intermediate; ii) a dsDNA molecule having a newly synthesized strand and the parental not-displaced strand; and iii) a Rep heterodimer containing one intact Rep subunit (the one that initiated replication), and one Rep subunit covalently bound to a short oligonucleotide [14, 23] . This oligonucleotide contains the 3'-half of the nit region which was synthesized past the nicking site at the termination event. The heterodimer RepC-RepC * in the case of pT181, or hetero-oligomer RepURepU * in the case of pUB110, are unable to relax plasmid DNA and are inactive as an initiator of DNA synthesis [14, 15, 23] . It remains to be determined whether this is a general strategy of all RCreplicating plasmids.
Replication of the lagging strand
The ssDNA plasmid intermediate (displaced parental strand) is finally converted to a dsDNA molecule. Little information exists on this replication stage, although it is assumed that only host-encoded functions are required. Lagging strand replication initiates and terminates in a region physically distant from the dso, the so-called sso. Two types of sso (SO, and SSO,) sequence have been reported (reviewed in [4-61) . The sso, type was observed in plasmids of the pT181, pMV158, pIM13 and same members of the pUBll0 family; whereas the sso, type was documented in plasmid pUBll0 [4-61. The efficiency of ss to ds DNA conversion depends upon the plasmid and the host; ssDNA intermediates may be barely detectable if the conversion is very efficient [4] . In general, the sso is located within highly structured noncoding regions with potential to generate secondary structures. These have been mapped in vitro on supercoiled DNA [24] . In most cases, ss-DNA replication intermediates accumulate in cultures treated with rifampicin [21] . Recently, Dempsey et al. [25] showed that RNA polymerase is involved in lagging-strand synthesis of the four plasmid families (see Table 1 ). Initiation of lagging-strand synthesis at the sso,-type occurred predominatly at a single position, whereas initiation at the sso,-type occurred at multiple positions [25] . The activity of the sso is orientation-dependent (reviewed in 1611, which indicates that conversion of ssDNA to dsDNA requires the recognition of specific sequences within the sso. Once the lagging strand is replicated by DNA polymerase III, the host DNA polymerase I would remove the primer RNA and would finish DNA synthesis [21] .
Control of copy number
In general, plasmids replicating by the RC mechanism exist as multiple copies in their natural host. However, the number of copies (N) of a given plasmid may vary from one host to another. Within a given host, and under the same conditions, the value of N is kept constant. To achieve this, plasmids must strictly regulate the frequency of replication initiation by regulating the synthesis and/or activity of the Rep protein (the rate-limiting factor). In addition to keeping a constant value of N, plasmids have to ensure their stable inheritance.
Due to their high number of copies, RC-replicating plasmids do not require specific partitioning mechanisms, because stable inheritance may be achieved by random distribution of the plasmid molecules among daughter cells. This is because the theoretical rate of plasmid loss, L,, is calculated from the equation:
(1/2)2N, where 2N is the plasmid copy number at the moment of division. Consequently, plasmids with a value of N close to 20 (as is the case of many of these plasmids) must be stably inherited if the regulation of their replication works correctly. Segregational instability can be observed in plasmids with replication defects (reviewed in [4] ). The elements that control the number of copies are plasmid-encoded, and should be able to 'sense' and to correct fluctuations in the value of N. This implies that these elements must act in tram, and that they should have a negative-acting role. Downmutations in these elements should result in an increase in plasmid copy number, and their deletion should lead to replication being uncontrolled ('runaway'), so that the copy number will increase indefinitely. So far, runaway replication has not been described for plasmids with the RC-replication mode, although pT181 mutants in the control element may have up to 1000 copies per cell [4] . In addition to the elements that actively control replication, there are &-acting elements which may influence a low level of replication. For example, in those plasmids that have the nit site embedded in a stem-loop structure, if the hairpin containing the nit region is not extruded, replication cannot initiate. Other elements, such as the efficiency of the translation signals, can also contribute to a low level of Rep synthesis.
However, since these &-acting elements are unable to correct fluctuations in plasmid copy number, they cannot be considered as true systems involved in the control of replication.
Theoretically, control elements should exhibit some other features in addition to the above: i) their inhibitory role should be proportional to the value of N, so that any increase in this value should lead to a reduction in the rate of replication per plasmid molecule; ii) they should have a short half-life, since their concentration should correspond to the value of N; iii) control elements should not operate when a plasmid colonizes a new host, since in this situation over-replication is desirable; iv) once the equilibrium is reached (mean value of N nearly constant), they should be fully operative; and v) when supplied in frans at a high dosage (cloned into a compatible plasmid), the control elements must exhibit incompatibility towards a resident plasmid [4].
Primary regulation of Rep protein synthesis
The rate of synthesis of the Rep proteins of plasmids replicating by the RC-mode seems to be very low, and Rep availability is a rate-limiting replication factor. The synthesis and/or availability of the Rep protein can be regulated at different levels. Antisense RNAs provide a control of Rep synthesis after transcription has initiated [4, 5] . In all cases described so far, the regulatory antisense RNAs are complementary to the rep mRNA, and for this reason they have been termed counter-transcribed (ct) RNAs [4] . The ctRNAs have a small size, and thir synthesis is supposed to be constitutive, since their amount should be proportional to the number of copies of the plasmid [4] . These ctRNAs constitute the major incompatibility determinant of the plasmid.
In the case of plasmids of the pT181 family, the synthesis of the Rep protein is regulated at the transcriptional level by two ctRNAs. These ctRNAs are synthesized from the same promoter, so that they have the same S-end but terminate at different sites. It is not known whether they perform the same or different roles. Both ctRNAs are complementary to the untranslated leader rep mRNA ( [26] and references therein), and probably control the synthesis of Rep by an indirect mechanism [26] . The initial interaction between ctRNA(s) and mRNA would take place through nucleotides exposed in the loops of complementary secondary structures generated in both types of RNAs. This initial 'kissing complex' would lead to complete pairing between ctRNA and the complementary region in the rep mRNA [26] . As a consequence of this pairing, the mRNA would undergo a conformational change that would lead to a new intrastrand pairing. This new structure in the mRNA would have a stem-loop configuration ending in the sequence A(U),, which resembles a Rho-independent transcriptional terminator. At this structure, the rep message would terminate. Consequently, pairing of ctRNA with mRNA would lead to a premature termination/atenuation of mRNA transcription (and thus to a failure of Rep synthesis) at a place distant from the paired region [26] . A similar indirect mechanism of regulation of Rep synthesis could also exist in plasmid ~353-2, which is a member of the pUBll0 family [27] .
In the case of plasmids of the pMV158 family, and at least in pUBll0 and pC194, the synthesis of the Rep protein is controlled by a ctRNA that interferes with the translation of the rep gene [18, 27, 28] . The promoter region from which the synthesis of the ctRNA begins lies within the 5'-end of the rep gene, and the 5'-end of the ctRNA is complementary to the proposed translation initiation signals (TIR). Thus, a simple direct mechanism may control rep synthesis through ctRNA-mRNA pairing, so that the ribosomes and the ctRNA should compete for binding to the rep TIR [18, 27, 28] . When cloned into a compatible vector, the r-null (pMV158) or incA (pC194, pUBl10) genes determine a strong incompatibility towards a resident wild-type plasmid [18, 27, 28] .
In the case of plasmids of the pMV158 family, control of replication is exerted also at the transcriptional level [7, 29] . A small repressor protein (termed CopG in pMV158) regulates the levels of Rep synthesis by binding to a DNA sequence which includes the -35 region of the single promoter for the copG-repB operon. CopG exhibits a helix-turn-helix DNA binding motif, and specifically binds to its target region yielding a 48 bp-long footprint which includes a 13-bp symmetric element ([7] and references therein). 'In vitro' and 'in vivo' assays have shown that CopG specifically inhibits transcription of the cop-rep operon, whereas synthesis of the ctRNA is unaffected by the presence of the protein ([7] and references therein). Mutations in copG lead to a five-fold increase in plasmid copy number [29] . When cloned into a compatible high copy number plasm id, copG (harbouring its own transcription/translation signals) exhibits weak incompatibility towards a wild-type plasmid, although a strong effect is observed when the resident plasmid harbours a defect in the copG gene (Gloria de1 Solar, unpublished results).
Regulation of Rep protein auaitability
The second level of regulation is provided by a mechanism that prevents re-utilization of the initiator protein [23] . The Rep protein is inactivated during replication, and a modified form of the protein appears (Rep*) that is inactive as a topoisomerase [14, 15, 23] . In the case of plasmid pT181, the RepC protein is inactivated at the end of replication of the leading strand by the addition of an oligodeoxynucleotide, giving raise to RepC * . The conversion of the RepC protein to RepC* is replication dependent [14, 23] . Rasooly et al. 1141 have proposed that, upon replication, the RepC homodimer is converted to an inactive RepC/RepC* heterodimer. As in pT181, a modified form of the pUBll0 initiator-terminator protein appears (RepU *) that is inactive as a topoisomerase. Unlike RepC/RepC * heterodimers, a RepU-RepU * heteroligomer forms a nucleoprotein complex at the dso region whose length is highly dependent upon the available RepU/RepU * concentration [ 151. By analogy with RepC * , it is likely that the appearance of RepU * could be due to the incorporation of a short oligonucleotide.
Fine tuning of Rep synthesis
The third level of regulation is provided by the initiator protein itself. In the case of plasmid pUB110, the RepU-RepU * protein mixture is able to repress the expression of its own gene by forming a large nucleoprotein complex at the dso region [15] . The promoter that transcribes the rep gene is located immediately downstream of the dso region. This implies that there is no need for a specific RepURepU * protein binding site at the repU promoter, and explains why the RepU-RepU * proteins repress the repU promoter but do not bind to it in DNA fragments that are devoid of the dso region [15] . We can hypothesize that the dso region would act as a nucleation site to which the Rep protein binds with high affinity, while an extended Rep-Rep* -DNA complex would be formed by the polymerization of further Rep-Rep * protomers on the DNA. This polymerization would be highly dependent on the cooperative binding effect that is apparent from the DNase I footprinting pattern in the case of plasmid pUBll0 [15] . Such a mechanism might not operate, however, in plasmids of the pMV158 family since: i) in these plasmids, repression of the rep promoter is exerted by a Rep-independent protein (Cop) that specifically binds its target DNA [7] ; and ii) formation of Rep* is unlikely because the Rep protein does not seem to form a stable covalent bond with DNA [13] .
The manner of Rep-Rep * binding to DNA shown for pUBll0
[15] offers an elegant and sensitive repression mechanism to finely control the amount of Rep protein in the cell. Since the cooperative polymerization event is very sensitive to the concentration of the Rep protein, small increases in the intracellular Rep * concentrations could quickly cover the promoter region and inhibit further Rep synthesis.
Conclusions
The RC-replication mechanism requires a replication protein involved in the initiation and termination of leading strand synthesis which is encoded by the plasmid, and makes use of highly conserved functions from the host. The efficiency of initiation of lagging strand synthesis or the conversion of ssDNA to dsDNA, which is one of the causes of severe structural stability, is a major factor that determines the ubiquity of the plasmid. Both the simplicity of the replication mechanism and the dependence on host functions for their replication could explain the widespread interspecies transfer of plasmids using the RC replication mode.
The concentration of the rate-limiting initiatorterminator protein is regulated at three levels. First, the initiation of replication is regulated primarily by an antisense RNA-mediated control of the synthesis of the Rep protein. Second, the termination of RC replication leads to the disabling of Rep with the subsequent formation of an inactive Rep-Rep* oligomer, and hence avoiding the re-utilization of the Rep protein. Third, in the case of plasmids of the pUBll0 and perhaps the pT181 family, the inactive Rep-Rep* oligomer when loaded at the dso region prevents the utilization of the Rep promoter, whereas in the case of plasmids of the pMV158 family, a small plasmid-coded protein regulates the level of transcription of the Rep protein.
